Introduction
NO-cGMP pathway. The relevance of these findings might extend beyond the regulation of heart rate since an In healthy adult hearts the hyperpolarization-activated I -like current can also be recorded in ventricular myocytes f current (I ) contributes to the spontaneous diastolic depoisolated from old (18-20 months) spontaneously hypertenf larization of sinoatrial (SA) node cells and plays an sive rats (SHR) [6, 7] and from failing human hearts [8, 9] . important role in mediating the chronotropic response to Stimulation of this current by NO or b-adrenergic agonists b-adrenergic stimulation (for review see DiFrancesco [1] ). may promote spontaneous diastolic depolarisation and We have previously reported that micromolar concenprovide a substrate for abnormal automaticity in the trations of nitric oxide (NO) donors exert a positive hypertrophied or failing ventricular myocardium [10] . This chronotropic effect by increasing basal I in SA node cells may be clinically relevant since NO donors are widely f via a guanylate cyclase-cGMP-mediated mechanism used in the treatment of conditions, such as heart failure, (NO-cGMP pathway) [2] [3] [4] . Our results were confirmed that are associated with the occurrence of I in the f by Yoo et al. [5] who also showed that NO donors ventricular myocardium [8, 9] and with an increase in decreased I that was prestimulated by isoprenaline via the cardiac sympathetic activity and circulating catecholamines f [11] . Furthermore, myocardial NO synthase expression and / or activity is increased in human heart failure [12] [13] [14] and in animal models of severe cardiac hypertrophy, such capacity compensation was routinely achieved (n512 as the SHR [15, 16] Sigma. ventricular myocytes, some experiments were performed on single SA nodal cells isolated from guinea-pig hearts 2.4. Experimental protocols (600-650 g) [18] . Briefly, following collagenase perfusion (Type II), the atria were removed and dissected to reveal Hyperpolarization-activated inward current (I ) was elif the SA node region, which was cut into small strips (532 cited by step hyperpolarizations from a holding potential of mm) perpendicular to the crista terminalis and dispersed in 240 mV to various test potentials (range 250 to 2140 2 ml of high potassium solution. Cells were stored at 48C mV in 210-mV increments), the initial duration of the step and used within 6 h. hyperpolarisation was 3 s and was decreased by 200 ms on successive hyperpolarisations [6, 7] . At the end of each step 2.2. Electrophysiological techniques hyperpolarisation, membrane voltage was stepped to 120 mV (400 ms) before returning to the holding potential. I f Membrane current was measured at 35618C using either amplitude was measured as the difference between the the whole-cell or amphotericin-perforated patch-clamp instantaneous current recorded at the start of the pulse and technique (Axopatch 200A, Axon Instruments, USA). In the steady-state current recorded at the end of the step the whole-cell configuration microelectrode resistance was hyperpolarisation [6, 7] . Specific conductance ( g) was 2.460.1 MV (mean6S.E.M.) and series resistance was calculated from g5I /(V 2V ) where I is the current reported to be fully activated at 2120 mV [6] see Fig. 1 , thus g measured at 2120 mV was used as an approximation of g ). Data points were fitted to a Boltzmann
is the normalised conductance recorded at membrane voltage V , V is the potential at which the current is half m h maximally activated and k is the slope factor. Cell membrane capacitance (C ) was measured by applying a m 210 mV pulse (from a holding potential of 240 mV, 50 mS duration). The current transient was fitted to a monoexponential; the time course of decay of the current transient is related to the cell capacitance [8] . PCLAMP (versions 6 and 8) was used for data acquisition and analysis.
Statistics
Data are expressed as mean6S.E.M. and n indicates the number of cells used. Student's paired t-test or one-way factorial ANOVA was used to assess drug effects and statistical significance was assessed at the 0.05 level. Multiple group comparisons were made using one-way ANOVA. Evidence indicates that the effects of NO donors on at 2120 mV ( | g ) was 54.665.9 pS / pF, the voltage at max cardiac pacemaking and contractile function can be which half-activation was achieved (V ) was 290.961.8 h biphasic and concentration dependent [2, 19, 20] , however mV and the slope (k) was 11.060.7 mV.
Results

Properties of I recorded in single ventricular
application of a higher concentration of DEA-NO (100 mM, 5 min) also failed to alter the properties of I f 3. To test whether the absence of NO-mediated regulation step hyperpolarization to 290 mV (Fig. 2B) 
Effect of forskolin and NO on the properties of I f in ventricular myocytes
The effect of NO donors on I in SA node cells is Several reports show that NOS expression and activity in the SHRs [31] . In contrast, the dominant isoforms in the are upregulated in the failing human heart [12] [13] [14] and in SA node are HCN-4 (81%) and HCN-1 (18%) [30, 32] . the hypertrophied SHR myocardium [15, 16] 
